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ABSTRACT  
 
 
The present work was carried out to study the susceptibility of the 
goats to experimental Trypanosoma evansi infection. Different 
parasitological techniques were compared in diagnosis of infection after 
taking blood samples from jugular and ear veins Five local breed of goats 
were used in the experiment. They were experimentally infected with     
T. evansi through the jugular vein. During the study different 
parasitological techniques were used for detecting trypanosome infection. 
These included wet blood smears, stained blood smears, haematocrit 
centrifugation techniques (HCT), dark ground phase contrast Buffy coat 
technique and inoculation in laboratory animals (rats). The inoculation in 
lab rotary animals (rats) technique was found to be the most superior 
technique used. Parasitaemia disappeared from the blood of the infected 
goats after two weeks of infection. The study showed that the local breed 
of the goats was acted as reservoir to the T. evansi infection although all 
goats developed anaemia, which represented the main symptoms of the 
disease. 
The infection resulted in significant decrease in the packed cell volume 
(PCV). 
Different gross changes due to the infection were also detected, these 
included pale mucous and serous membranes, watery blood and dullness. 
It could be concluded that the local breed of goats acted as a  reservoir to 
T. evansi infection. 
The inoculation in laboratory animals (rats) was found to be a suitable 
diagnostic tool for T. evansi detection even after the experimental goats 
failed to show apparent parasiteamia. 
 
xi 
  ﺍﻟﺨﻼﺼﺔ
 ﺃﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺤﺎﻟﻴﺔ ﻟﺩﺭﺍﺴﺔ ﻗﺎﺒﻠﻴﺔ ﺍﻟﻤﺎﻋﺯ ﻟﻺﺼﺎﺒﺔ ﺒﻁﻔﻴل ﺘﺭﻴﺒﺎﻨﻭﺴـﻭﻤﺎ ﺇﻴﻔﺎﻨـﺴﺎﻱ 
ﻭﺍﻟﺘﺄﺜﻴﺭ ﺍﻟﻤﺭﻀﻲ ﻟﻠﻁﻔﻴل ﻋﻠﻴﻬﺎ ﺒﺎﻹﻀﺎﻓﺔ ﻟﺫﻟﻙ ﺘﻤﺕ ﻤﻘﺎﺭﻨﺔ ﻋﺩﺓ ﻁـﺭﻕ ﻤﺒﺎﺸـﺭﺓ ﻟﺘـﺸﺨﻴﺹ 
  .ﺍﻟﻤﺭﺽ ﻭﺫﻟﻙ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻋﻴﻨﺎﺕ ﺩﻡ ﻤﻥ ﺍﻟﻭﺭﻴﺩ ﺍﻟﻭﺩﺍﺠﻲ ﻭﺍﻟﻭﺭﻴﺩ ﺍﻷﺫﻨﻲ
 ﻟﻤﺎﻋﺯ ﺤﻴﺙ ﺘﻤﺕ ﻋﺩﻭﻯ ﺍﻟﻤﺎﻋﺯ ﺒﺠﺭﻋـﺔ ﻋﺎﻟﻴـﺔ ﺃﺴﺘﺨﺩﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺨﻤﺴﺔ ﻤﻥ ﺍ 
  )+++(.
ﺍﻟﻤـﺴﺤﺔ ,ﺘﻡ ﺍﺴﺘﻌﻤﺎل ﻋﺩﺓ ﻁـﺭﻕ ﻟﺘـﺸﺨﻴﺹ ﺍﻟﻤـﺭﺽ ﺸـﻤﻠﺕ ﺍﻟﻤـﺴﺤﺔ ﺍﻟﺭﻁﺒـﺔ 
ﻁﺭﻴﻘـﺔ ﻓﺤـﺹ ,ﻁﺭﻴﻘﺔ ﺘﺭﻜﻴﺯ ﺍﻟﺩﻡ ﻓﻲ ﺍﻷﻨﺎﺒﻴﺏ ﺍﻟﺸﻌﺭﻴﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻁﺭﺩ ﺍﻟﻤﺭﻜﺯﻱ ,ﺍﻟﻤﺼﺒﻭﻏﺔ
ﺍﻟﻐﺸﺎﺀ ﺍﻷﺒـﻴﺽ ﺒﺎﺴـﺘﺨﺩﺍﻡ ﻤﺠﻬـﺭ ﺫﻭ ﺨﻠﻔﻴـﺔ ﻤﻅﻠﻤـﺔ ﻭﻁﺭﻴﻘـﺔ ﺍﻟﺤﻘـﻥ ﻓـﻲ ﺤﻴﻭﺍﻨـﺎﺕ 
ﻫﻰ ﺃﻓـﻀل ( ﺍﻟﻔﺌﺭﺍﻥ)ﺃﺜﺒﺘﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻁﺭﻴﻘﺔ ﺍﻟﺤﻘﻥ ﻓﻲ ﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ (. ﺍﻟﻔﺌﺭﺍﻥ)ﺍﻟﺘﺠﺎﺭﺏ
 ﻭﺃﺴﺘﻤﺭ ﻫﺫﺍ  ﻓﻲ ﺨﻼل ﺃﺴﺒﻭﻋﻴﻥ ﻤﻥ ﺍﻟﺤﻘﻥ  ﻤﻥ ﺩﻡ ﺍﻷﻏﻨﺎﻡ ﺘﻡ ﺍﺨﺘﻔﺎﺀ ﺍﻟﻁﻔﻴل  .ﺍﻟﻁﺭﻕ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ 
ﺍﻻﺨﺘﻔﺎﺀ ﻟﻔﺘﺭﺓ ﻻ ﺘﻘل ﻋﻥ ﺘﺴﻌﻴﻥ ﻴﻭﻤﺎ ﺇﻟﻰ ﺤﻴﻥ ﺃﻥ ﺍﻨﺘﻬﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺩﻭﻥ ﺃﻥ ﻴﻅﻬـﺭ ﻭﻻ ﻤـﺭﺓ 
  .ﻭﺍﺤﺩﺓ
.                    ﺍﻴﻔﺎﻨـﺴﺎﻱ  ﺃﺜﺒﺘﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻟﻤـﺎﻋﺯ ﻴﻌﻤـل ﻜﺨـﺎﺯﻥ ﻟﻁﻔﻴـل ﺍﻟﺘﺭﺒﺎﻨﻭﺴـﻭﻤﺎ 
 .ﺒﺎﻹﻀﺎﻓﺔ ﻟﻔﻘﺭ ﺍﻟﺩﻡ ﺍﻟﺫﻱ ﻴﻌﺘﺒﺭ ﻤﻥ ﺃﻫﻡ ﺍﻷﻋﺭﺍﺽ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻟﻺﺼﺎﺒﺔ ﺒﺎﻟﻤﺭﺽ
  .ﺃﺩﺕ ﺍﻹﺼﺎﺒﺔ ﺇﻟﻰ ﺍﻨﺨﻔﺎﺽ ﻤﻌﻨﻭﻱ ﻓﻲ ﺤﺠﻡ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﺘﻜﺩﺴﺔ
ﻟﻭﻥ ﺍﻟـﺩﻡ , ﻷﻏﺸﻴﺔ ﺍﻟﻤﺨﺎﻁﻴﺔ ﻭﺍﻟﻤﺼﻠﻴﺔ ﺃﻅﻬﺭﺕ ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﺘﺸﺭﻴﺤﻴﺔ ﺍﻟﻌﻴﺎﻨﻴﺔ ﺸﺤﻭﺏ ﺍ 
  .ﺍﻟﺒﺎﻫﺕ ﻭﻀﻤﻭﺭ ﺍﻟﻌﻀﻼﺕ
ﻴﻌﻤل ﻜﺨﺎﺯﻥ ﻟﻁﻔﻴل ﺍﻟﺘﺭﺒﺎﻨﻭﺴـﻭﻤﺎ ﺍﻴﻔﺎﻨـﺴﺎﻱ                   ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻨﺨﻠﺹ ﺇﻟﻰ ﺃﻥ ﺍﻟﻤﺎﻋﺯ 
 ﻭﺍﻟﺫﻱ ﺘﺼﻠﺢ ﻟﺘﺸﺨﻴﺹ ﺍﻟﻁﻔﻴل ﻓﻴﻬﺎ ( ﺍﻟﻔﺌﺭﺍﻥ)ﻜﻤﺎ ﻭﺠﺩ ﺃﻥ ﻁﺭﻴﻘﺔ ﺍﻟﺤﻘﻥ ﻓﻲ ﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ 
 ﺍﻜﺘﺸﺎﻓﻪ ﺒﺎﻟﻭﺴﺎﺌل ﺍﻟﻤﺨﺘﺒﺭﻴﺔ ﺍﻟﻌﺎﺩﻴﺔ ﻭﺩﻭﻥ ﺃﻥ ﻴﻅﻬﺭ ﺃﻋﺭﺍﻀـﺎ ﻴﻌﻴﺵ ﻓﻲ ﺍﻷﻏﻨﺎﻡ ﺩﻭﻥ ﺃﻥ ﻴﺴﻬل 
ﻭﻋﻠﻴﻪ ﻓﺎﻥ ﺍﻟﻤﺎﻋﺯ ﺘﺴﺘﻁﻴﻊ ﺃﻥ ﺘﻭﻓﺭ ﺍﻟﻌﺩﻭﻯ ﻟﻠﺤﻴﻭﺍﻨﺎﺕ ﺍﻷﺨﺭﻯ ﺒﺎﺴـﺘﻤﺭﺍﺭ .ﻅﺎﻫﺭﻩ ﻓﻲ ﺍﻟﻤﺎﻋﺯ 
  .ﺩﻭﻥ ﺃﻥ ﺘﺘﺄﺜﺭ ﺒﻬﺎ ﻓﻲ ﺍﻟﺤﻘل
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INTRODUCTION 
Trypanosomosis is an important group of diseases affecting 
both man and animals caused by members of the genus Trypanosoma. 
The disease has a major economic importance in Africa, Asia, Latin 
and South America. 
 In humans there are two types of trypamosomosis: 
  African trypanosomosis or Sleeping sickness, which is caused by 
Trypanosoma brucei group and is transmitted by the tsetse flies, 
Glossina (Hoare, 1972) and American trypanosomosis or Chagas 
disease, which is caused by T. cruzi and transmitted by reduviid bugs 
(Kumar and Clarck, 1998). 
In animals many types of the disease are found, namely 
Nagana, Surra and Dourine (Hunter, 1986). 
 In Sudan, trypanosomosis was first reported in 1904 in cattle 
arriving to Khartoum from Upper Nile (Karib, 1961) Later on, studies 
and surveys concerning tsetse and trypanosomosis distribution were 
conducted in different parts of Sudan (Abdel Rahman, 2002). 
 The disease causes different pathological effects in animals but 
the most important are anaemia and wasting. Myocardial damage may 
occur especially with the brucei group of trypanosomes (Urquhart, 
1980). 
  It can often be diagnosed parasitologically by direct blood 
examination for detection of the parasite under the microscope or 
serologically for detection of antibodies or antigens in the serum of 
affected animals or by molecular biological techniques for detection 
of the DNA of the organism (OIE, 1997). 
Practical control strategies of the disease include vector control, 
parasite control using chemotherapy and chemoprophylaxis and the 
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use of trypanotolerant livestock breeds. Unfortunately development of 
practical means of immunization by vaccines failed due to the 
phenomenon of antigenic variation of trypanosomes during infection 
showing their ability in the host to vary their antigenicity of their 
glycoprotein surface coat (Walker, 1986). 
 Few studies on the infection, pathology and pathogenesis of 
trypanosomosis in goats were under taken. Those studies indicated 
that the role of goats in the  epidemiology of trypanosome infection is 
obscure and their role as suitable experimental animals for 
trypanosome research need to be investigated (Boid et al., 1981).In 
the present study an attempt is made to throw some light on the 
epidemiology and infection in goats with Trypanosoma evansi. The 
search for new approaches to control African trypanosomosis will 
require intensive look into several aspects of the host range of the 
trypanosomes with a view to study of their survival in nature in these 
hosts and determine their importance in disease maintenance ,taking in 
to consideration the response of different livestock species and breeds 
(Nantulya and Moloo, 1988). Studies on other trypanosomes indicated 
that goats may act as reservoir for trypanosomes. 
Objectives of the study: 
1-  To study the susceptibility of the goats to Trypanosoma evansi 
through their experimental infection and follow the course of 
the disease. 
2-  To compare the sensitivity of different parasitological 
diagnostic techniques for detection of infection. 
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CHAPTER ONE 
LITERATURE REVIEW 
 1.1 Definition 
Trypanosomosis is one of the most important diseases causing 
problems in many countries in the world, especially Africa. 
Trypanosomosis is a disease caused by the haemoflagellate classified 
as Trypanosome spp. Trypanosomes are frequently found in the blood 
of various animal species, in many regions of the world. The majority 
of trypanosomes are not pathogenic, but some species are pathogenic 
and are of considerable economic importance causing disease in man 
and animals. Some of the Trypanosomes are zoontic (Clarkson, 1968). 
The disease is generally an acute disease, which is usually fatal 
if not appropriately treated. It leads to a considerable loss of weight 
and anemia. Various symptoms are exhibited including fever, oedema, 
dermatitis and nervous disorders (Finelle, 1983), depending on the 
species of trypanosomes involved and the species of infected animal. 
1.2 Morphology    
In the blood stream T. evansi usually occurs as monomorphic 
trypomastigotes 15-36 um in length, with a mean of 24um. It contains 
a sub-terminal Kintoplast (Soulsby, 1982). 
 The morphology is therefore typically that of the slender form 
of the members of the subgenus Trypanozoon. Rarely stumpy forms 
are observed, posterior nuclear forms have also been observed in some 
isolates.  
Division is by longitudinal binary fission. The morphology of       
T. evansi is uniformly slender (Losos, 1980). 
 
 
 4
1.3 Transmission of T. evansi   
A lot of  reports have there been published on transmission of  
T. evansi by flies ,no cyclical transmission in T. evansi and the 
infection is transmitted between hosts mechanically by biting flies, 
particularly horse flies (Tabanus) and stable flies (Stomoxys) (Kheir   
et al., 1995). This method of transmission depends on the movement 
of a fly with trypanosome contaminated mouth part to a new host 
within a short time, so the parasites in the mouth–parts remain 
infective. Such transmission depends on an interrupted feeding, as it is 
necessary for the fly to continue to probe and feed while it moves 
from one host to another host. Thus the shorter the interval between 
feeds or attempted feeds the greater the chance of the transmission. It 
is established that Tabanids are the insects most capable of 
transmitting T. evansi. Gruvel and Balis, (1965) stated that the disease 
in Chad exhibited a seasonal incidence, originating each year from 
domestic foci. There is an apparent link between the seasonal 
occurrence of outbreaks of T. evansi in camels in Sudan and that of 
the greatest abundance of Tabanids during the rainy season. However, 
this species is present throughout the year ensuring that transmission 
continues (FAO, 1992). Most outbreaks occurred during the rainy 
season especially at its end. Yagi and Razig (1972) reported similar 
finding in Sudan. There is definite correlation between the seasonal 
out breaks of T. evansi infection and the increase of Tabanids during 
the tropical rainy  season in the Sudan (June to October) Mahmoud 
and Gray (1980) have shown that T. evansi does not survive in the gut 
of biting flies or even in Glossina, being destroyed within hours of 
ingestion. Stomoxys are less efficient vectors of T. evansi, but maybe 
important in stables where horses are confined. Hoare (1972) 
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described the transmission of T. evansi and T. equiperdum in horses 
and cattle in South America by the bite of the vampire bat in central 
and South America. Bats which are obligatory blood suckers became 
infected via the oral mucous membranes when feeding on T. evansi 
infected cattle. The infection can persist in bats for up to one month 
and maybe fatal. Transmission of T. evansi to carnivores through their 
eating infecting carcasses has also been demonstrated (Uilenberg, 
1998). 
1.4 Pathogenecity 
 Baker (1973) recorded that all pathogenic trypanosomes were 
studied in mammals, where the disease develops. They cause 
pathogenic problems, which may lead to death of the host. The 
pathogenecity of the disease varies according to different factors e.g. 
the species of the parasite and its virulence, the species of the animal 
host and its immune responses (Losos and Ikede, 1972). 
Environmental circumstances may play a role in the course of the 
disease (Clausen et al., 1998).   
1.5 The role of goats in trypanosomosis epidemiology     
  Goats play an important role in the economy of animals to raise, 
they are suitable in different areas including tsetse infected areas, thus 
they are affected which the disease and also they can act as reservoir 
for the disease   (Mahmoud and EL Malik, 1977). 
Losos and Ikede (1977) ascertained the existence of natural 
trypanosomosis infection in goats in Africa and considered that         
T. vivax causes substantial mortality in these animals. 
Soulsby (1982) reported that trypanosomosis showed mild 
infection in goats characterized by anaemia, weakness and emaciation. 
Also Osaer et al. (1999) stated that trypanosomosis seem to affect 
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goat's health and production as shown by reduced PCV level and high 
young’s mortality. In Sudan Boid et al. (1981) reported the existence 
of antibodies  
against T. evansi in sheep and goats in Kassala Province 
suggesting their role as reservoirs for the disease. In Kenya, Griffen 
and Allonby (1979) studied the susceptibility of goats to T. cogolense 
in tsetse infested areas, they observed that the disease is debilitating 
and in many cases fatal. Kanyari et al. (1983) suggested the role of 
samorin treatment to improve the economic losses in goats due to 
trypanosomosis  Masiga et al.  (2002) reported that tsetse flies fed 
readily in small ruminants and those animals are susceptible to 
trypanosomes showing anaemia and reduced gain of body Weight. 
 Daniel et al. (1994) ascertained the importance of trypanocides 
treatment of goats but to the prevalence of trypanosomes in them. 
Also Kalu and Lawani (1996) reported the existence of trypanosomes 
especially T. vevax in cattle and goats in Nigeria Kayang et al. (1997) 
were able to detect T. brucei, T. congolense and T. vivax infection in 
cattle and goats in Ghana using both parasitological and serological 
tests, they also ascertained the dominance of T. vivax   infection 
1.6 Clinical Signs  
Trypanosomosis due to T. evansi is a chronic wasting disease 
characterized by intermittent fever (38.5-40oC), anemia, fluctuating 
parasitaemia, emaciation, weakness with paler in the mucous 
membranes and dry coat (Syakalima, 1992)  The animal stands with 
its head hanging for ward. Its eyes turn dull and are closed with 
considerable amount of tears (Karram et al., 1991). T. evansi infection 
can be manifested in both the acute and chronic forms. The acute form 
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of the disease is characterized by progressive anaemia, high fever, 
anorexia, loss of condition and often rapid death (Rutter, 1967). 
The chronic form which is more common shows relapsing 
parasitaemia with or without pyrexia, emaciation, oedema, of the 
abdomen and legs, with abortion and death of some animals (Haroun      
et al., 2000). Production losses occur due to lower milk and meat yield 
in the adult (Richard, 1979). Abortion, premature birth and an 
inability to feed the young, all greatly reduce the productive potential 
of the chronically affected herd (Yagil, 1982). Infected animals may 
survive for three to four years; the disease in this form is characterized 
by anemia, emaciation recurrent fever, atrophy of the thigh muscles, 
and edema of the dependant parts, orchitis, corneal opacity, diarrhea 
and sexual excitement (Singh et al., 1980). Other clinical changes 
recorded in experimentally inducted chronic infection include debility, 
alopecia, and keratinization, depletion of subcutaneous fat and facial 
oedema (Raisinghani et al., 1980). Animals which recover from the 
acute disease are often clinically normal with low number of 
trypanosome present but parasitaemia often increases with 
physiological stress. Localization of organisms in the tissues result 
often in low grade parasiteamia (Losos, 1980) Low and intermittent 
parasitaemia results from antigenic variation in the trypanosome 
population (Jones and Mckinnell, 1984). 
1.7 Clinical pathology   
The main pathological features include degenerative and 
necrotic changes involving various organs (Raisinghani et al., 1980). 
In camels anaemia is described cytologically as macrocytic (Jatkar 
and Pavohit, 1971) and etiologically as haemolytic (Raisinghani et al., 
1980). Naturally infected camels were found to have higher serum 
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protein and gamma globulin levels but lower albumin and beta 
globulin levels than uninfected camels. The level of Igm in both 
naturally and experimentally infected animals increased by as much as 
five times the preinfection levels. These values may remain high 
despite drug treatment. Postmortem findings are non specific. A 
known history and findings such as generalized muscular waste, pale 
and watery muscles, serous atrophy of fat, swollen lymph nodes, and 
presence of oedema and evidence of anaemia indicate infection 
(Schwarz, 1992). 
1.8 Diagnosis       
Trypanosomosis diagnosis in the field and laboratories could be 
carried out using parasitological, serological and molecular methods. 
The techniques differ in their reproducibility, specificity and 
sensitivity (Abdel Rahman, 2002). However, characteristic clinical 
symptoms of emaciation and anaemia are still used for the provisional 
diagnosis of the diseas 
1.8.1 Parasitological Techniques 
Standard parasitological methods include wet smear, thin and 
thick stain blood smears, haematocrit centrifugation technique, dark 
ground, phase contrast Buffy coat techniques and examination of 
lymph nodes biopsies (Luckins, 1988). Kendrick (1968) reported that 
the wet smear method for detection of parasites is useful, simple and 
cheap but has important limitations such as low sensitivity and one 
cannot always identify the species of trypanosomes. Thin stained 
smear is useful in identification of trypanosomes species but is 
inefficient in diagnosis of the parasite when parasitaemia is low, 
however, the thick stained smear is more sensitive than both wet and 
thin smears in detection of trypanosomes, but there will be difficulty 
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in recognizing the parasite species. The haematocrit centrifugation 
techniques (HCT) as described by Woo (1970) is able to detect 
trypanosomes infection more efficiently than other parasitological 
techniques. Kalu et al. (1986) compared different parasitological 
techniques in goats infected with different species of trypanosomes; 
they concluded that MHCT was the most sensitive. 
Toro (1981) suggested the use of MHCT in addition to thick 
and thin films for the diagnosis of trypanosomes in cattle. 
Inoculation of some trypanosomes in rodents and examining 
their blood for two weeks proved to be sensitive in detecting the 
trypanosome (Hoare, 1972). 
(Uilenberg, 1998) ascertained that one single trypanosome is 
quite enough to establish diagnosis of infection in an inoculated rat or 
mouse. Gathuo et al. (1987) were able to adapt two T.vivax East 
African trypanosomes in irradiated rats or mice and by passaging the 
rat blood from rat to rat was able to adapt trypanosomes to normal rats 
or mice which became pathogenic to them.   
1.8.2 Serological Techniques 
As the diagnosis of trypanosomosis in animals with low 
parasitaemia is hampered by low diagnostic sensitivity of traditional 
detection methods, many serological tests had been described. 
Recently much attention has been given to the development of specific 
serological test for T. evansi infection in camels(Ross, 1971). 
1.8.2.1 The indirect fluorescent antibody test (IFAT) 
The indirect fluorescent antibody test has been used extensively 
in the detection of trypanosomal antibodies in animals and human. 
Antigens are usually prepared from blood smears which are fixed in 
acetone and then stored at a low temperature. The IFAT has proved to 
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be both specific and sensitive` in detecting trypanosomal antibodies in 
infected cattle (Wilson, 1969). 
1.8.2.2 The complement fixation test (CFT) 
   The complement fixation test was one of the first techniques 
used to diagnose T. evansi infection in camels. However, because the 
test is difficult to perform and standardization is of paramount 
importance, it has not been used routinely as diagnostic assay (Rae 
and Luckins, 1994). 
1.8.2.3 Enzyme-linked immunosorbent assay (ELISA) 
Enzyme-linked immunosorbent assay was a major breakthrough 
in the diagnosis of animal trypanosomosis. This test is specific and 
sensitive and it can be used readily for large scale screening of many 
serum samples (Mahmoud and El Malik, 1978). The ELISA has been 
used successfully for serodiagnosis of camel trypanosomosis (Rae     
et al., 1989) 
1.8.2.4 Species-specific monoclonal antibody 
The introduction of this technology has also been a major 
breakthrough in the diagnosis of trypanosomosis due to T. brucei. No 
cross reaction occurs between other species of trypanosomes or other 
haemoprotozoan parasites (Nantulya and Lindqvist, 1989). 
1.8.2.5 Sandwich ELISA 
T. brucei group specific monoclonal-antibody assay has been 
used as sandwich ELISA test to diagnose T. evansi ifections in 
different animal species. In camels from an endemic areas, the test 
detect circulating antigens in many T. evansi parasite positive animals 
(Nantulya and Hamer, 1989).The techniques of PCR or ELISA are not 
beneficial for diagnosis of the parasite but may also be useful for 
trypanosomosis control programmes (Chansiri et al., 2002). 
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1.8.2.6 Capillary agglutination test (CAT) 
The test was described by Ross (1971) it is similar to that which 
has been widely used in the diagnosis of anaplasmosis, and 
trypanosomosis in man and animals using a particulate antigen 
prepared from T. brucei. The results appeared promising and the test 
was used by Clarkson et al. (1973).  
 1.8.3 Molecular techniques 
DNA technology is a recent development in diagnosis of animal 
Trypanosomosis and is having a major impact in many areas of 
veterinary parasitology  (Uilenberg, 1998). Gasser  (1999) described 
the polymerase chain reaction (PCR) as highly sensitive in permitting 
enzymatic amplification of trypanosome gene fragments from minute 
quantities of nucleic acid derived from a limited a mount of 
trypanosome material. Weiss (1995) described the use of DNA probes 
and PCR-based assays to identify and detect parasites as technically 
complex, but highly sensitive. He also recorded that PCR-based assay 
were more sensitive than DNA probes assay. Majiwa et al. (1994) 
recorded that using simple protocols employing non radio active DNA 
probe in combination with the PCR revealed trypanosomes in buffy 
coat samples from antigenic but  aparasitaemic cattle. However, the 
DNA probe proved to be sensitive in detection of T. evansi 
(Viseshakula and Panyim, 1990) and several species of African 
trypanosomes (Gibson, 2002). Many authors carried out successful 
attempts to evaluate the use of PCR in diagnosis of different 
trypanosomes. The technique was proved to be highly successful in 
detection of T. vivax and T. evansi and in the diagnosis in African 
trypanosomosis in general. They summarized that the PCR combines 
the advantages of both greater sensitivity over other parasitological 
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and serological techniques, and the ability to differentiate 
trypanosomes which have a similar morphology but a very different 
economic impact (Chansiri et al., 2002). Application of PCR and 
PCR-ELISA for detection of T. brucei and T. vivax infections in 
livestock was discussed by Masake et al. (2002) who concluded that 
the protocols have higher sensitivity in detecting infection than the 
parasitological techniques and serological techniques. Chansiri et al. 
(2002) imply that the technique of PCR-ELISA has both the beneficial 
diagnosis of T. evansi and usefulness for epidemiological studies and 
thus designing effective trypanosomosis control program. 
1.9 Immunity 
Host specific immunity eventually clears the dominant 
antigenic types of infecting trypanosome, and a new breakout follows 
from antigenic types that have apparently been present all along at low 
levels. Sequences of dominant antigenic variant tend to follow a 
specific order, although the particular sequence can be influenced by 
the host immune response and other factors (Barry and Turner, 1991). 
Variation in switch rates may also play an important role in the wide 
variety of pathogenic microorganisms that under go programmed 
antigenic variation (Deitsch  et al., 1997). The parasite has an ability 
to change its antigenic surface properties and consequently escape the 
immune surveillance (Vickerman, 1989). Each parasite cell is covered 
with a nearly uniform and strongly antigenic glycoprotein coat. The 
parasite genome containing several hundred alternatives and highly 
diverse surface antigens, of which only a single one is expressed in 
any individual. A parasite switches its antigenic expression and entire 
coat in each cell generation at a rate of one per thousand to one per 
hundred (Barry and Turner, 1991). These switches appear to occur in 
 13
an apparently random way, creating a diverse set of antigenic variant. 
In spite of this diversity, the parasitaemia develops as a series of out 
breaks, each one dominated by relatively few antigenic types (Barry, 
199 
1.10 Control 
T. evansi infection is one of the major constrains for raising 
animals. Control of the vector insects is not feasible. The production 
of vaccine is still a remote possibility due to the problem of antigenic 
variation (Gray and Luckins, 1976). The only method available for 
controlling Trypanosomaisis infection is there fore chemotherapy and 
chemoprophylaxis. The efficacy of existing trypanocidal drugs has 
been reviewed by number of authors (Mahmoud and Gray, 1980). 
1.10.1 Vector control 
Several methods can be induced for control of tsetse flies. They 
include bush clearance, game animal destruction, using of traps, target 
and hand nets, application of insecticides and biological control. 
Bush clearance would be effective in reducing tsetse fly 
numbers in fly infested areas as the fly depends on different 
vegetation types for providing shelter and resting site (Finelle, 1973). 
This method is seldom employed, except to establish deforested 
barriers to prevent areas cleared by insecticides spraying from being 
reinvaded. Game animals constitute and are a source of feed for tsetse 
flies; they also act as reservoir for cattle trypanosomosis and 
Rhodesian sleeping sickness. So destruction of these animals would 
have great adverse effect on tsetse population. However, there is 
strong public pressure to conserve game animals and stop destroying 
them (Opiyo et al., 1990). 
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Using traps, targets and hand nets resemble the most suitable 
method for tsetse control as they are simple, cheap and ecologically 
acceptable. Several types of traps and targets exist for monitoring 
population of flies and their efficiency could be increased by using 
attractants or insecticides, or more over by using the electric net 
(FAO, 1992). 
1.10.2 Chemotherapy 
Treatment of animals infected with T. evansi with the current 
available trypanocides requires great care. The reasons being their low 
trypanocidal effect against T. evansi on the one hand, and their 
specific toxicity for some animals on the other hand. For example 
Berenil, which is well tolerated in cattle, produced systemic toxicity 
and in some cases ending in death of camels, when administered in the 
recommended therapeutic dosage for cattle. Treatment of camels was 
and, has until recently depended upon two drugs: suramin and 
quinapyramine. However, resistance, poor tolerance and complicated 
administration highlighted the need for a novel trypanocidal drug 
(Van Gool et al., 1992) 
The major problem in the control of trypanosomaisis is still that 
of drug resistance. Drug resistance may be caused by under-dosing, 
using the wrong interval between chemoprophylactic doses, 
discontinuing prophlaxis despite continued risk of infection and 
injecting the drug inaccurately (Witola et al., 2004). 
1.10.3 Trypanotolerant Breeds 
Trypanotolerant breeds are those breeds of cattle and small 
ruminants that have natural tolerance to trypanosomaisis infection, 
they have ability to survive, reproduce and remain productive under 
trypanosome risk without aid of chemotherapy (Murray, 1979). 
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In Sudan, Karib (1961) stated that certain types of indigenous 
cattle are less susceptible to trypanosomes than cattle introduced from 
outside country. 
N'dama cattle were found to be less harmed by trypanosome 
infection than zebu cattle(Murray, 1979), he also added that other 
species of animals like goats, sheep and wild mammals have an 
established reputation for being trypanotolerant or even completely 
resistant to the infection. Griffin et al. (1979) reported the existence of 
greater innate resistance to T. congolense infection in some Kenyan 
breeds of sheep and goats; they observed that indigenous sheep and 
goats could develop milder infection and clinical signs than exotic 
breeds like Saaneen. 
Murray (1979) discussed the basic mechanism of trypano-
tolerance. He concluded that the mechanism is related to a host 
response factor and that it is a heritable trait. 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Study area 
       Gadarif State is located in the eastern part of the Sudan, bordering 
Ethiopia. It has an area of 75,263 square km and located between 
latitude   13° - 15° N, longitudes 34° – 37°E. It has a rainfall ranging 
from: 75 mm - 1500 mm north to south.. Other sources of water 
include bore-holes, deep wells, heifers, dams (Suddud), water pumps 
and seasonal streams. The soil is heavy cracking clay. The State has a 
human population of 1,148,262, with 80% of them depending on 
livestock for their livelihoods. The livestock population estimates 
(MOAR & F., 2004) comprised of 1,976,352 sheep, 1,210,329 goats, 
979,775 cattle and 181,555 camels. 
2.2 Target population 
2.2.1 Goats 
The target population of the study was goats. Five males only 
were selected for study with ages of less than 8 months and they 
weighted between 7 to 9 Kg they were kept in separate clean pens at 
the Department of Preventive Medicine, Faculty of Veterinary 
Medicine, and University of Khartoum. Goats were fed on 
concentrated rations and green Lucerne (alpha-alpha). Prior to the start 
of the experiment the animals were allowed for an adaptation period 
of three weeks 
All animals were regularly examined for blood and internal 
parasites. Blood smears and fecal samples were taken to make sure 
that they were free from blood and gastrointestinal parasites. They 
were given prophylactic doses of the antibiotic oxytetracycline       
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(5% injection) and one oral dose of anthelmintics (Albendazole) 
suspension to free them from internal parasites.  
 2.2.2 Rats 
A group fourteen of male and female of rats was used; their 
ages were about one month and weighing 20 – 25 gm. They were kept 
in clean plastic cages in well ventilated room at the Department of 
Preventive Medicine, University of Khartoum .They were fed on 
pelleted diet and allowed free access to drinking water. 
2.3 Trypanosome collection 
Trypanosoma evansi isolate was obtained from naturally 
infected camels from Gadarif state. The parasite was morphological 
identified by the examination of Giemsa's stained blood smear; this 
was done immediately after collection of the blood sample. 
2.4 Parasitaemia and dosing 
The following conventional grades were used to estimate the 
scores of parasitaemia in wet smear of infected goats according to 
Lumsden et al. (1973). 
0= no trypanosome seen in one minute examination. 
+ = 1trypanosome per field. 
+ + = 2-6 trypanosomes per 1 field. 
+ + + = 7-15 trypanosomes per field. 
+ + + + = 16-25 trypanosomes per field. 
+ + + + + + = more than 25 trypanosomes per field. 
The experimental animals were artificially infected with 
trypanosoma evansi (the parasitaemia appeared in low score (++) at 
the second week post infection. Then the parsitaemia disappeared (0) 
at the third week post the infection. 
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2.5 Parasitological examination  
Heparinized blood samples collected from both the Jugular and 
ear vein of goats and the tail of the rats. The presence of trypanosomes 
was determined using the following standard methods.  
2.6 parasitological methods 
2.6.1 Wet blood smear  
 A drop of blood was placed on a clean slide and covered with 
22 × 22 mm cover slip. About 100 microscopic fields were searched 
under (x40 objective) for trypanosomes for each slide. 
2.6.2 Thin blood film  
Thin blood film  was done by placing a drop of blood on a clean 
slide, anther slide (spreader) was placed at an angle of approximately 
30° C to the first slide, and drawn back to make contact with blood 
droplet. The blood was allowed to run along the edge of the spreader, 
which was then pushed to the end of the slide drawing the blood out 
into a thin film. The slide was dried quickly by waving it in the air, 
fixed for three minutes with methanol, and stained for 30 minutes with 
10 % diluted Giemsa stain in absolute water (PH 7.2). After staining, 
the slide was washed gently under tap water and allowed to dry, then 
examined under ×100 oil-immersion objective lens (Killick-Kendrick, 
1968) (OIE, 1997).  
2.6.3 Micro haematocrit centrifugation technique (MHCT) 
A heperinized capillary tube was filled with blood then closed 
at one end using cristaseal, the capillary tube was centrifuged in a 
microhaematocrit centrifuge for four minutes at 12,000 rpm. After 
centrifugation the capillary tube was placed in McMaster chamber 
flooded  with water, and the junction of the Buffy coat layer and the 
plasma was examined for trypanosomes  under a microscope using 
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x10 objective, the capillary tube was rotated from time to time during 
the examination to ensure that all sides of the tube have been 
examined ( Woo, 1970). 
2.6.4 Packed cell volume (PCV)  
Fresh blood samples were drawn into heperinized capillary 
tubes (70 mm) long and centrifuged in a microhaematocrit centrifuge 
for five minutes. The PCV percent was read on the microhaematocrit 
reader. 
2.7 Experimental design: 
The goats were artificially infected with Trypanosoma evansi 
which was collected from infected rats. Five ml of heparinized blood 
from infected rats were taken, diluted in 10ml Phosphate- saline- 
glucose buffer. The goats were inoculated intravenously with 1.00 ml 
of infected blood. The course of infection was monitored for the 
development of clinical signs. Record of parasitaemia and 
haemogramme were kept. The animals were daily observed for 
clinical symptoms. Parasitaemia was monitored daily by the wet 
mount; stained blood films and Buffy coat examination, packed cell 
volume of each animal were recorded daily throughout the 
experimental period of 90days. The blood was also taken from the 
goats when the Trypanosoma evansi  infection disappeared from these 
goats. It was then inoculated in rats (2rats each) after 45 days and 90 
days post infection, The rats were examined daily for presence of 
Trypanosoma evansi. 
2.8 Data analysis: 
Data analysis was done by using Microsoft excel. 
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Plate 1: The experimental animals (goats) 
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CHAPTER THREE 
RESULTS 
 
Goat 1 : The PCV in goat (1)dropped from 43% in day 0 to 
33% in the week 4 post infection and by week 8 post infection PCV 
droped to14%. Then the Trypanosoma. evansi disappeared from the 
blood of the inoculated goat. All rats infected at 45&90 days post 
infection with blood from infected goat became parasitimic (Figure 1 
and 6; Tables 1 and 2). 
Goat 2: The mean values dropped from  (42%) in the first week 
post infection to(33%) in week 4. Then it continued to drop gradually 
to reach (12%) in week 8 post infection, when the Trypanosoma 
evansi disappeared from the blood of goat. All rats infected at 45&90 
days post infection with blood from infected goat became parasitimic. 
(Figure 2 and 6; Tables 1 and 2). 
Goat 3: The mean values of Goat 3 dropped from 43% (43%) in 
the first week post infection to 23% in week 4. Then it continued to 
drop gradually to reach 14% in week 8 post infection. Then the 
Trypanosoma evansi became undetectable from the blood of the 
inoculated goat No.3. All rats infected at 45&90 days post infection 
with blood from infected goat became parasitimic. (Figure 3 and 6; 
Tables 1 and 2). 
Goat 4: The mean PCV values of goat 4 week 1 post infection 
41%& it decreased to reach 32% in week  By week 6 the goat died 
showing undetectable parasitaemia. Inoculation of rats with blood 
from goat No. 4 after 45 days post infection which later died showed 
that all rats were paraitimic (Figure 4 and 6; Table 1 and 2).   
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Goat 5: The mean PCV values of Goat 5 in week 1post 
infection was 41% and it decreased to reach 29% in week 4. The goat 
died with nervous signs  (Figure 5 and 6; Table 1 and 2). 
 
 
 
Figure (1): The percentage of positive and negative results of 
Trypanosoma evansi infection in goat No1during the 
course of the disease using wet blood smear and Micro 
haematocrit centrifugation technique 
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Figure (2): The percentage of positive and negative results of 
Trypanosoma evansi infection in goat No. 2 during the 
course of the disease using wet blood smear and Micro 
haematocrit centrifugation tech 
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Figure (3): The percentage of positive and negative results of 
Trypanosoma evansi infection in goat No. 3 during the 
course of the disease using wet blood smear and Micro 
haematocrit centrifugation technique 
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Figure (4): The percentage of positive and negative results of 
Trypanosoma evansi infection in goat No4during the 
course of the disease using wet blood smear and Micro 
haematocrit centrifugation technique 
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Figure (5): The percentage of positive and negative results of 
Trypanosoma evansi infection in goat No5during the 
course of the disease using wet blood smear and Micro 
haematocrit centrifugation technique 
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Figure (6): The relationship between Packed Cell Volume (PCV) and 
presence of T. evansi infection in all goats. 
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Table (1): The values of PCV in goats during several weeks of 
infection with T. evansi 
 
 
PCV/WEEKS 
ANIMALS 
1 2 3 4 5 6 7 8 
Goat 1 43 42 38 33 30 26 19 14 
Goat2 42 42 38 33 22 18 15 12 
Goat3 43 39 32 23 21 19 17 14 
Goat4 41 40 36 32 29 22 - - 
Goat5 41 37 32 29 - - - - 
  
 
• Goat(No.4) died on week 7 
• Goat(No.5) died on week 5 
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Table (2): the result of inoculation of rats with the apparently negative 
goat blood after 45 days and 90 days of goat infection. 
 
 
ANIMALS 
No. of rats 
enfected 
(45 days) 
No. of Rat 
+ve 
(45 days) 
No. of rats 
enfected 
(90 days) 
No. of Rat  
-ve 
(90 days) 
Goat1 2 2 2 2 
Goat2 2 2 2 2 
Goat3 2 2 2 2 
Goat4 2 2 - - 
Goat5 - - - - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 28
 
 
 
 
 
 
Plate (2): The goat number 5 which had nervous signs due to infection 
with Trypanosoma evansi 
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CAPTER FOUR 
DISCUSSION 
   The economic importance of trypanosomosis is well 
documented. The disease attracts the attention of biologists all over 
the world (Hoare, 1972).  
 Karib (1961) reported that animal Trypanosomosis is endemic 
in Sudan causing considerable economic losses. Goats comprise one 
of the most important livestock species in Sudan and are of social and 
economic significance. 
 Camel trypanosomosis (Juffar) is the main camel disease in 
Sudan and has been a major problem for camels for years (FAO,1992)  
(Hunter, 1986) confirmed that Sura infection is the main disease of 
camels, therefore the possibility of transmission of infection to goats 
is expected. Mahmoud and El Malik (1978)stated that goats may be 
involve in the epidemiology of T. evansi in Sudan. 
 The responses were recorded following the experimental 
infection of the goats with the Gadarif T. evansi isolate. The results 
which were obtained indicated that goats are susceptible to the 
infection. Goats experienced hematological changes with clinical 
signs in some of them. they showed parasitaemia in the blood early in 
the course of the disease but they gradually lost their trypanosomes. 
This result agrees with Soulsby (1982) who reported that 
Trypanosomosis in goats is characterized by anaemia, weakness and 
emaciation, Boid et al. (1981) suggested the existence of antibodies 
against T. evansi in sheep and goats pointed to their role as reservoirs 
for the disease. (Mahmoud and Elmalik, 1978) confirmed that the 
goats were affected by the disease and also they can act as reservoir 
for the disease caused by T. congolense, This result disagrees with 
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Griffen and Allonpy (1979) who observed that the disease is 
debilitating only and in many cases was fatal. 
 Some authors pointed out at the virulence of the strains and 
their effect on the pathogenecity to the animal (Losos and Ikede, 1973 
and Clausen et al. 1993). In this study the strain used was an isolate 
from a camel which had severe infection with T. evansi, so the 
virulence of the strain is not an absolute character and can be variable 
with different animal species (Losos and Ikede, 1972) and Clausen et 
al. (1993) who enumerated many factors, which affect pathogenecity 
of animal trypanosomosis and explain that different  T. evansi isolates 
had different effects even on the same animal species. 
 The parasitological techniques are the simplest methods for 
diagnosis of trypanosomosis and can be easily applied; however, not 
all positive cases of the goats infected artificially by T. evansi could 
be demonstrated using the methods in this study. No parasites were 
detected in the later coarse of infection using wet mount, stained blood 
smears and Buffy coat examination, This finding has confirmed the 
fact that these techniques have their limits for confirmation of the 
diagnosis of trypanosome infection, so more sensitive tests were 
needed, such as The microhaematocrit and animal(rat) inoculation.  
The study showed that there was a drop of the packed cell 
volume (PCV) concurrent with infection in all animals. 
 The drop was very obvious, similar    observations were obtained by 
Losos and Ikede (1972) Trypanosoma evansi caused anaemia to all 
animals infected, which resulted in a chronic mild form of the   
disease. Therefore, goats may not probably be showing detectable 
parasitaemia. 
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The clinical manifestation, hematological changes and the 
direct effect on body weight explained the degenerative- processes 
which were seen as a result of infection with T. evansi 
It is obvious from the (rat) inoculation of blood from goats 
infected for 90 days with T. evansi and which failed to show 
trypanosomes, that such goats may still harbour trypanosomes at very 
low parasitaemia for long periods without showing symptoms  
This also indicates that the goats may be a constant threat to 
camels and other animal especially when they are closely associated 
with them particulary when biting flies such as Tabanids and others 
are abundant. Therefore one would expects that goats harbouring      T. 
evansi would constitute foci of infection while they them selves 
remain apparently healthy. 
Mahmoud and EL Malik (1977) reported the same finding in 
goats infected with T. congolense.   
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